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EXPERIMENTAL STUDY OF SOME METHODS OF
COMPENSATING EXCESS REACTIVITY IN INTERMEDIATE
REACTORS,
V.A.Xuznetsov, A.I.Mogilner, L.A.Chernov, V.V,Chekunov,
V.I.Sharadin,

The work which is in pert discussed in this paper aimed at
analysing, in a comparative way, three possible methods of compen—
sating excess reactivity in an intermediate reactor so as to de-
termine their potentialities, advantages and drawbacks:

a) by means of a system of absorbing rods;

b) by means of control cylinders placed in the side reflec~
tor with their surface partially covered by a layer of absorber
(See Refs. 1 and 2);

¢) by separating two halves of the core in height.,

No generality is chaimed for the absolute values of reactivi-
ty changes and distortion of the filelds cited in the paper due to
the obvious fact that such values are dependent on the size am
composition of the core and reflectors as well as on the neutron
spectrum in the reactor.

The experiments described below were carried out on the
PF-4 assembly designed for studying the physical characteristics
of intermediate reactors; the detailed description of this assem-
bly is given in Ref., (1).

Reactivity ohanges were measured during the experiments by
+he reverse counting method and by method of increasing the core
height,

The first method was used in subcritical experiments, It is
based on & well-known equation which relates the changes in the
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counting rate of an external detector (N1-N2) to the changes of
reactivity @ K) in a suberitical system with a source :

aKeC Nz e (1)
Ny Ny,

Coefficient C was found with the help of a reactivity standard -
one of the regulating rods of the reactor. In the course of the
experiments the value of C varied quite substantially due to
the distortions of the neutron fields in the reactor. To elimi-
nate the resultant error C was measured for euch condition of
the system,

Under the second method the negative reactivity given to a
critical reactor was mainly compensated by addition to the core
of fuel and moderator layers (in the same ratio as in the core)
previously calibrated in the units of reactivity, and, to a les-
ser degree, by small displacement of the regulator,

The neutron flux distribution in the core was measured with
the help of a small-size Pission chamber having an outer diame-—
ter of 7 mm, The measurements were made at a power level of
about 25 mW maintained by automatic regulator APPM (Ref.1), the
ionization chamber of the regulator being used as a monitor,

The small dizmeter of the fission chamber enabled it to be placed
between the tubes so as to minimize the field distortion in mea-
surements,

Experimental Investigation of Mutual Effect (Interference)

of Absorbers ¥/,

A considerable amount of excess initial reactivisy has of-
ten to be compensated by a large number of control rods-absor-
bers, Physical investigation of such reactors is hampered by the
difficulties in determining the reactivity margin, due to mutual
interference of the control rods as a result of which the full
reactivity margin actually differs from the sum of control rod
worths mesured separately in an initially critical reactor.

A special experimental study was undertaken on the PF-4

absorbing control rods in  uranium-beryllium agsembly (PF-4~16)

X)the work was participated in by Y.G.Pashkin,
375 -2 -
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without reflector ( ﬁc/ SOU"I 75).

The cylindrical control rods 20 mm in diameter contained bo-—-
ron carbide with boron density of 1,7 gr/cmB. One control rod
(No,1) was placed near the centre of the core, while the other
was capable of radial dicplacement. Measurements were carried out
in subceritical experiments.

The interference term was measured using the following tech-
nique. First the worth 5’310 of one rod (rod No.1, for example)
was measured in the absence of the other rod; then the vmrt:hh[‘:’12
of the same (lst) rod was measured in the presence of the other
rod, The interference term 12 describing the effect of the se-
cond rod on the worth of the first was found from the relation:

@12‘?10*412 (2)

The worth of the second control rod in the presence of the

first is equal to:
(021 h ﬁo * A g (3)

The total worth of two control rods th is equal to:

.P = f:‘*f.‘: f')o v 2°+ A2| (4)
14
* ﬁl*&“ﬁo*ﬁ:“aa

When studying the interference a relative unit of reactivi-
ty was used; this unit represented the worth of the agssembly re—
gulator per centimeter of the linezar portiom of its characteris—

tics, The Tesults of the measurements are summarized in Table 1.

whence A21=A12.

The results of the experiments were analysed on a simple
agsumption that if 4 4o is relatively small (Aﬁfﬁ.;ﬁa), its
value is proportional both to _‘o 10 and to 5020, the proportio-
nality factor depending on the distance x12 between the control

rod azes: A12 _ ﬁo f’m{(:rﬁz) 5

Fig.1 shows the experimental points which were celculaeted

on the basis of the data given in Table 1 with the help of rela—
375
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tion (5). The analysis of these data prompts the tollowing conclu-
gions:

a) the perturbation introduced by the central control rod
extends to the entire reactor;

b) when distance between the control rods is small their to-
tal effectiveness 1s below the sum of unperturbed worths of these
control rods;

c) beginning with a certa.: distance (in the given case it
is 164 mm) the interference term changes its sign;

d) the dependence of the factor f£(x) =A 12/1010 5020 on
the distance is almosi linear, Deviation of the proportionality
factor f£(x) frca the linear dependence towards higher values of
A (x) at short distances may be explainedboth by the fact that
in this case the inequality A«P 1s satisfied in the least deg-
ree and by the fact that the worth of the second control rod is
additlonally de«creaped by the shadow effect of the first rod.

Table 1,

Distance between ~ontrol 73 109 116 182
rods (mm). ~

Efficiency of a single : 191 148 110 77
rod (linear cm),

Interferentional term -95 =67 =34 ~21 -8 3
A4 (3 inear cm),

The conclusion cited above refer to two control rods one of
which is capable of radial displacement. However, the applicabi-
lity ofX these conclusions is much wider. Fig.2 gives the data ob-
tained on PP-4 assembly (with the same ratio 50&/ Fv‘ , assemb-
ly PF—4-17) with the excess reactivity compensated by a group of
control rods. In analysing the results of the experiments it was
assumed that the combined effect of group of control rods on one
of the rods can be treated as superposition of the effects of
each rod in the group. In other words, it is assgumed that if &« P
the interference is mainly accounted for by the twin interaction,
i.e. the interaction of two control rods is not affected by the

presence of other control rods.
375
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Curve 1 in Fig, 2 shows £(x,, ) = A sy 85 a8 Tunction
ik ik/ )1i)k
of the distance between the control rod axes with the worths -(Oi
andf)k measured in the presence of other control rods of the
group. The linearity of f(xik) warrants the use of the superpo-
sition principle and can be employed for statistical alignment
of the values of A 1k and sometimes for thelr prediction.

Assuming that the distance between the control rod axes is
sufficiently great to cancel the "shadowing" and that the depen—
dence of £(x) is linear a square symmetrical matrix with dlagonal
terms & 11" can be composed from the values of A 11c relating
to two r\ontrol rods (iyk); in this casef)i is the worth of the
i-th control rod in the absence of all other control rods. The
number of rows and columns of the matrix is equal to the number
of the control rods. The part of the reactivity accounted for
by some (i-th) control rod is equal to the sum of the matrix ele-
ments in the corresponding (i-th) column or row:

P=50w=Z b (6)
When some control rod is removed the corresponding columm
end row must be stricken off. To obtain the effetiveness of the

entire group of the control rods the diagonal terms and all terms
above (or below) the disgonal must be summed up.

It can be easily seen that the measurement of A ik(i ¥ k)
and .Pi makes it possible to determine the value of Pio from
the relation (6)., Curve 2 in Fig. 2 shows the dependence f (x)-

ilc/ .Pi o JO Xo® The two curves can be well approximasted by
straight lines intersecting the X-axis at the same point.

Investigation of Reactivity Control with the Help
of Contiol Cylinderse.

The experiments were carried cut on the reacter PF-4-10
(Ref.3) with the core diameter of A17 mm and the ratio S /9
equal to 106, The equivalent thickmness of the side beryllium ref—-
lector was 140 mm. The mockup of the control cylinder was designed
2s o hexsgonal prism built up from 19 standard aluminium ohaunels

375
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(tubes) 50x1 mm dia. (Fig. 3). Six channels arranged in the outer
row of the prism housed containers with boron ocarbide ( 'Uc'

1.06 gr/cm ) which simulated the absorbing layer of the control
cylinders. The height of the absorbing layer was equal to the
height of the core, The remaining 13 chamnnels were the conventio-
nal channels of the beryllium reflector, The construction of the
mockup provided for changing the thiclmess of the absorbing lay-
er (5 and 10 mm), varying the curvature of the absorber, forming
an air gap between the core and the control cylinder and turning
the control cylinders discretely in steps of 300. Turning of the co-
ntrol cylinders was simulated by the successive rearrangement of
the channels with the absorber.

Fig. 4 schematically shows the control cylinders in various
positions, To find the effectiveness of the control cy inder
with a8 so-called "neutron trap" three conventional channels £illed
with paraffine to the height of the core were installed in the
control oylinder behind the absorbing layer, All experiments were
carried out with single control cylinders.

a) Effectiveness of Control Cylinder Versus
Turn Angles,

Table II and Fig., 5 summarize the measurements of the cont-
rol cylinder effectiveness as a function of the turn angle,
which were carriedmt atthe assembly PF-4-10 for a single control
cylinder with the absorber curvature @ = 180° and absorber
thic]?ess 5 ™ 5 mm. The effectiveness of the ocontrol cylinder
"3 was found as the change in the system reactivity caused
by tumi.ng the control cylinder from the position of the minimum
system reactivity at P x 15° (vhen the absorbing surface of the
conirol cylinder is at a minimum distance to the core) to positi-
on ‘P .

Thege experiments were also used to determine the effect of
the air gap between the core and the control cylinder on the cylin-
der effectiveness, For this purpose containers with boron carbide
were removed from the mockups and xeactlivily changes were measu-—

175
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Table Il.

Control cylinder Compensation cagaoi’ty o;f.’J cy- The same without

rod position (deg.) ﬁigg:g oF inver— Mm—-reactiviw by
se count add loading air gap

of fuel
15° (375 ) 0,00 0,00 0,00
30% (0%, 360 0yx) 0,06 0.06 0.06
60° (330°) 0.785 0,79 0.575
90° (300°) 1.685 1.85 1.255
120° (270°) 2451 2,74 1,764
150° (240°) 3417 3,28 2.31
180° (210°)%) 384 3.77 2.91
195° 3.90 3.85 2.97

x)'.I,‘he reactivity change is obtained with the interpolate
curve when cylindrical rod positions vary from 30° to 150 and
grom 180° to 195°,

red with the control cylinder turned from position ‘P =30° to
position ‘P = 180° in steps of 20°, These measurements made it
possible to determine the characteristics ---—= :}(_‘P) of the
control oylinder with and without consideration of air gap. The
ngpurious" reactivity from the control cylinder was found by the
change in the critical position of the regulator with the cont-
rol cylinder mockup inserted into the reflector of an unpertur-
bed reactor in the position of the maximum system criticality
(P = 210%); the spurious reactivity AKE equalled 0.32%.

The data given in Table II znd Fig, 5 indicate a substantial
agreement between the measurements of the control cylinder effec-
tiveness made in various positions of the cylinder by the accep-
ted methods., The discrepancies in the measurement results are
within the accuracy tolerances of the experiments.

b) Effectiveness of Control Cylinder Versus
Absorber Curvature.

The qualitative analysie of the changes of the
375 2

= § -

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5 §



Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5

of the control cylinder depending on the curvature of the cylin-
der absorbing surface points out to the existence of an optlmum
ourvature which provides the maximum effectiveness of the control
cylinder at minimum "spurious" reactivity. To f£ind the optimum
curvature of the absorber experiments were staged on asgembly
PP-4—~10 to find the reactivity changes brought about by the cont-
rol cylinder in the positions of the minimum and maximum system
reactivity for the cylinder m: 'ps with the absorber curvature
9 = 1800, 1500 and 120° at 86.,& a=5um, The absorber curveture
was varied by substituting the channels containing the absorber
with the usual channels of the beryllium reflector,

The results of the measurements made on the aggsembly PF--4-10
are given to Table ITI, The tabular data show that out of the
three curvetvres the optimum curvature of the conirol cylinder
absorber fo: the resctor PP-4-10 is approximately '1200; the cylin-
der with this curvature has the maximur effectiveness and minimum
"spurious" react‘viiy, Analysing the reactivity change brought
about by the coniio! tinder in the positiocn ‘«P = 0 1t can be
copected that fuvi* . r roduction of the absorber curvature will
result in the decreasei fectiveness of the cylinder,

o) Effectiveness . ~ Control Cylinder Versus
Absorber Layer Thickmess

The variation of the effectiveness of the control cylinders
as a function of the absorber layer thickness was studied on t*e
assembly PP-4-10. The measurement results indicate that the e¥—
fectiveness of a control cylinder with the absorber curvature
Q = 150° increases 1.27 times as the thickness of the boron car-
bide layer is increased frocm 5 to 10 mm.

d) Effectiveness of Control Cylinder with
"Neutron Traps"”.

The experiment was carried out on the assembly PP-4-10 with
a control cylinder mockup having the following characteristics:
€ =180°, &, = 5 mm. It has been established that three paraf—
fin-filled channels placed in the contrel cylinder bshind the

375
- 8 Rand

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5



Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5

layer o4 ooron carbide increased the effectiveness of the control
cylinder by -‘}(-"—‘- = 1%. This was attended by an increase in the

negative "gpvrious" reactivity equalling ﬁ;’—‘ = 0,12%.

e) Figsion Density Distributions Along the Core Radius
in Various Positions of the Control Cylinder.

It can be assumed that the control oylinder does not produce
any appreciable distoxrtion of the distribution along the height
of the core. Therefore the experiments were confined to studying
the distortions of the neuiron field along the core radius and
along the core boundary in the area where the control cylinder
was located, The distributions were measured both for an unpertur-
bed system and for perturbations introduced by a single control
cylinder in the positions CP =270° and <P -30°. The position of
the chamber in height corresponded to the centre of the ocore.

The results of the distribution measurements in the directi-
on "core centre-control cylinder centre® (AA' in Fige.3) are shown
in Pig.6. Since tae distribution measurements in various positions

& of the control cylinder were made at different power levels the
fission density distributions were referred to the value in the
core centre,

FPig.7 shows the fission density distributione along the pe-
rimeter of the core in the area where the control cylinder is lo-
cated; these distributions are referred to the value of the fissi-
on density in the core center unperturbed by the aoction of the
control cylinder.

Investigation of Reactivity Contxol by Core
Separavtion,

The method where by the reactivity was controlled by moving
apart the two halves of the core was investigated on assemblles
PP-4-09, FF-4~13, FP~A-10 and PF-4-12 (with he muclear concenira-

' tions ﬁe / Pv, varying within the rang- froa 0 to 106).
The reactivity changes brought about by the core separation

with the resultant imeresse in the neutron leakage were measured

in the suboritical comndition by thegrevcrse counting method
— 275 - -

-

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5




Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5

with one of the regulating rods used as a reaoctivity standard.

It was assumed that the worth of the rod was not affected markedly
by the core separation, which was experimentally shown to be true
for separations up to 40 mm.

Fig.8 shows how the core was moved apart. This was accomplish-
ed with the help of thin-walled aluminium tubes inserted between
the halves of the core. All experiments were confined to separati-
on of the core only., On two assemblies the reactivity changes due
to the core sepsration were compared against the reactivity chang-
es brought about 4y uniform "dilution" of the cores with respect
to uranium and bveryllium at the same core diameter and with the
corresponding increase in the height of the core.

Table III shows the reactivity changes caused by the core
separation in warious assemblies, The corresponding data for the
assemblies FF—-4-09 and PF-4-10 are given in Fig.9,

As can be geen from Table III and Fig,9 the effectiveness
of coxre separation by lcm increases with decreasing ,PBE/PU.;
which is mainly due to the reduction in the assembly size at

smaller P /f’ .
Be vs
Table III.

Assembly Value of Efflolenoy by splitt— Efflclenocy of uni-
splitting ing into two equal form "delution™
AoH (mm) halves AK [%] equivalent to split+*-
K L7 ing into value ,4 _%[%]

10 1,76 0,07 -

20 3.20 0.16 3017
30 5:14 0635
40 6,96 0.53
10 0,85 0,05

20 1,90 0,05
40 3.20 0,05
80 4,0 0,06
10 0.78 0,004
20 1365 0,017
40 2,56 0.18

80 77 0.18
0.50 0475

50 3:71 .21

- 40 =
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The effectiveness of core separation into two halves was
compared against the effectiveness of uniform core expansion by
means of air dilution. Such comparison has shown that the wvalues
of the effectiveness are related to each other as the squares of
the fast neutron flux in the centre of the core and the average
value of the flux along the height. This can be understood consi-
dering the faot that the portion of the reactivity accounted for
by fast neutrons escaping through the gap (these neutrons primari-
ly determine the effectiveness of core separation) is proportio-
nal to the product of their flux by importance.

Apart from the reactivity changes, a problem that also merits
attentions is the fission denslity distribution along the height
of a core with a horizontal central gape

The distribution of fission density along the core height was
measured with the help of a fission chamber with 30mm. separations
for the assembly PF-4—09 and 40 mm separation for the assembly
PF-4-10, The measurement results are shown in Figs. 10 and 11,

The charts given in these figures indicate that in the core areas

bordering on the gap and on the side reflector the fission density
rises due to the inflow ofmoderated neutrons from the side reflector,
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Pig. 1. 2(x) = ﬁ?—’,—;’-‘) as a func-
tion of the distance between
the control cylinder axes.,

—
o
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&

Figo Pe f(I)k- EA-;;: (ourve 1)
and t(x{)' f—ﬁﬁo (curve 2)
as functions of the distance

between the control cylinder
axes,
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Fig. 3. Sketch of the critical
agsenbly PF-4-10 wilth a conw
trol oylinder in the positi-
on “P = 0°,
\‘fT—- gource (@) — steel reflector
¢)) - core stack tor stack
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Fig. 4. Various positions of a
single control cylinder in
the oritical assembly
PP~4~-10
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Pig 5. Characteristics of & oon-

t1rol oylinder.

1- method of additional loa-

ding of core material,

2- reverse counting method,

3-~ characteristic of +the
control cylinder minus
the effect of the air

&ap.

Pig, 6. Pission density distri-
bution measured with ura-
nium fision chamber along
the radius of the reactor
PF-4~10 in the direction
AA'(Fig-B) (referred to the
value in the core centre),

1 - unperturbed distribution,

2 -~ the distribution for the
control cylinder in posi -
tion Y ==270°,

3} ~distribution for the con-
trol oylinder in piasition
¥ = 30°,
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Fig. 7. Fission density distribu-
tion measured with uranium
fission chamber along the co-
re perimeter of the reactor
PF-~4~10 in the ares where
the control cylinder is loca-
ted., All ocurves are referred
to the fission density in the
core centre unperturbed by
the action of the control cy-
linder,

1-unperturbed distribution,

2-distributions for the control
cylinder in position Y7=270°;

3=-distributions for the control
cylinder in position y7=30°.

Fig. 8, Core separation in the rea-
otor PF-4-10,
1 - oore,
2 - beryllium reflector,
3 - steel reflector,
4 - intermediate air layer,
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9, Variation of the system reactivity ocaused by
separation of the reactors in the PF-4 assembly.

1 - assembly PF-4-13,

2 - assenbly PF-4-10,
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Pission density distribution along the core height in
the critical assembly PF-4-09 at fhe /0, = 0 at vario-
us radial points, measured with uranium fission cham-
ber, The distributions are referred to the value in
the core centre at zero separation.

T = 29,5 mm (in the core),

r = 59,0 mm (at the boundary with the reflector),

r =118 mm (in the reflector).
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Fige 11. Fission density distribution along the core height
in the critical assembly PPF-4-10 at A./p,s = 106 at
various radial points, measured with uranium fission
chamber, The fields are referred totb the value in the
core centre at zero separation,.

1- v = 29,5 mm (point 16 in Fig.3),
2- r =147.0 mm (point 6 in Fig.3),
3- r= 206 mm (point 3 in Fig.3).
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CAPTIONS TO FIGURES,

A
£2(x) = as a function of the distance between

the control’cylinder axes.

t(xi)k A‘;) (curve 1) and i'( y= —ﬁit—-(cuwe 2)

as functionis of the distance between the o8ntrol cylinder
axes.

Sketch of +the eritical assembly PF-4-10 with a control
cylinder in the position C.P = 0°,
~ source @- steel reflector
- core stack stack
@- beryllium reflector stack @ control rod
@- safety rod
@— BFB—counter
@1,2,3, -+.. yn - Nos, of the point$ at which the neut-
ron field was measured,

Various positions of a single control cylinder in the cri-
tical assenbly PF-4-10,

Characteristics of a control cylinder.

1 - method of additional loading of core material,

2 - reverse counting method,

3 - characteristic of the control cylinder minus the
effect of the air gap.

Fission demnsity distribution measured with uranium f£is-

slon chamber along the radius of the reactor PF-4~10 in

the direction AA' (Fig.3)(referred to the value in the

core centre).

1 - unperturbed distribution,

2 - ;b;e distribution for the control cylinder in position
= 270°,

3 - distribution for the control cylinder in position
P« 30°
Fission density distribution measured with uranium f£is-
375
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sion chamber along the core perimeter of the reactor
PP-4—~10 in the area where the control cylinder is located,
All curves are referred to the fission density in the core
centre unperturbed by the action of the control cylinder.
1 - unperturbed distribution,
2 - distributions for the control cylinder in position
Y = 270%
3 - distributions for the control cylinder in position
§ = 30°,
Fige 8 .Core separation in the reactor PF-4-10,
1 - core,
2 - beryllium reflector,
3 - steel reflector,
4 - intermediate air layer.

Fige 9. Variation of the system reactivity caused by separation
of the reactors in the PF-4 assembly.
1 - assembly PF-4-13,
2 - assembly PF-4-10,

Fig.10. Fission density distribution along the core height in the
critical assembly PF-4-09 at P&/ Pvg =0 at various ra-
dial points, measured with uranium fission chamber. The
distributions are referred to the value in the core centre
at zero separation,
1= 1 = 29.5 mm (in the core),
2= 1 = 59,0 mm (at the boundary with the reflector),
3= 1 =118 mn (in the reflector).

Fig.11, Fission density distribution along the core height in the
oritical assembly PF-4-10 at P& /_va = 106 at various
radial points, measured with uranium fission chamber.
The fields are referred to the value in the core centre
at zero separation,
1-1r = 29,5 mm (point 16 in Fig.3),

2 -1 = 147,0 mm (point 6 in Fig.3),
3-1r = 206 mm (point 3 in Fig.3).
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